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摘  要 
I 
 
摘  要 
本研究应用荧光显微技术和荧光标记颗粒示踪法，分别于 2009 年夏季、









丰度的高值多出现在次表层叶绿素 a 极大值层（DCM 层）。色素型微型鞭毛虫
（PNF）的垂直分布与 HNF 有所不同，在春季和夏季，PNF 丰度的最大值通常
出现在 50 m 至 75 m 层；而在秋季和冬季，PNF 的丰度也随深度的增加逐渐降
低。从春季到冬季，PNF 的丰度变化是先降低再升高，随后下降，HNF 的丰度
变化过程则与之相反。与 HNF 相比，PNF 的季节变化较为明显。从近岸区到海
盆区，微型鞭毛虫丰度的季节差异逐渐减弱。 
四个季节的微型鞭毛虫数量均以 2-5 µm 粒级的鞭毛虫为主，其所占比例超
过 65%，10-20 μm 粒级所占比例通常低于 10%。从营养结构上看，春季、秋季
和冬季微型鞭毛虫以色素型为主，其丰度分别占微型鞭毛虫丰度的 58.48%、62.76%
和 53.00%；夏季微型鞭毛虫以异养型为主，其丰度占微型鞭毛虫丰度的 67.21%。
PNF 和 HNF 在生物量上的差异小于丰度上的差异。南海北部微型鞭毛虫的分布
受到多重因素的交互影响，在不考虑被捕食压力的情况下，营养盐浓度是影响
PNF 数量分布的主要因素，而食物浓度是影响 HNF 数量分布的主要因素。 
现场摄食实验的结果显示，HNF 对异养细菌的个体摄食率大约是对聚球藻
摄食率的 20-30 倍，是对微微型真核藻摄食率的 100 倍，但对三者的清滤率相近。
HNF 对异养细菌现存量的日摄食压为 1.92-49.31%（平均 16.81%）；对聚球藻现
存量的日摄食压为 2.02-51.95%（平均 17.85%）；对微微型真核藻现存量的日摄














摘  要 
II 
 
养细菌的摄食，异养细菌的被捕食压力主要来自 2-5 μm 粒级的 HNF，仅在夏季
出现 5-10 μm 粒级 HNF 的摄食压略高于 2-5 μm 的 HNF；HNF 对聚球藻的摄食
也主要由 2-5 μm 粒级的 HNF 贡献；而对微微型真核藻的摄食主要由 5 μm 以上
粒级的 HNF 完成。 
PNF 对三种微微型浮游生物的摄食压明显低于 HNF。PNF 对异养细菌现存
量的日摄食压为 0.27-33.91%（平均 11.29%）；对聚球藻现存量的日摄食压为
0-32.97%（平均 6.78%）；对微微型真核藻现存量的日摄食压为 0-49.53%（平均
4.90%）。PNF 对异养细菌、聚球藻、微微型真核藻的摄食主要由 5-20 μm 粒级完
成，但各粒级间的摄食能力差异较大，尤其是对微微型真核藻的摄食，主要由





















By using the fluorescent dye particle tracer method and fluorescent microscope 
technique, we carried out an ecological study on nanoflagellate (NF) in the Northern 
South China Sea (NSCS). We investigated size structure, trophic structure, spatial and 
temporal variations of nanoflagellates in NSCS, as well as nanoflagellate grazing rate 
and grazing pressures on picoplankton, respectively in summer 2009, winter 
2009/2010, autumn 2010 and spring 2011. The main results were as follows: 
The average abundance and biomass of NF in four investigated seasons (in 











 and 12.78, 11.70, 
14.54, 17.47 µg C L
-1
. In horizontal distribution, the abundance of NF decreased 
gradually with distance from the coast to the open sea. In vertical distribution, the 
abundance of heterotrophic nanoflagellates (HNF) decreased gradually with water 
depth increasing, however, the highest abundance of HNF was observed in DCM 
layer in summer. The vertical distribution of pigmented nanoflagellate (PNF) was 
different with HNF. The highest abundance of PNF in spring and summer usually 
appeared in the 50 m and 75 m layer, while that of PNF in autumn and winter 
decreased gradually with increasing water depth. From spring to winter, the 
abundance of PNF increased, decreased and increased again, wheras HNF displayed 
an opposite trend with PNF. Compared with HNF abundance, seasonal changes of 
PNF abundance were more obvious. Furthermore, the seasonal difference of NF 
abundance was becoming less distinct from the nearshore area to the basin area. 
NF in the 2-5 µm size class dominated the NF community, which accounted for 
more than 65% of total NF abundance in the four seasons, while 10-20 µm flagellate 
constituted less than 10% of NF abundance. PNF dominated the NF community in 
spring, autumn and winter , accounting for 58.48%, 62.76% and 53.00% of NF 
abundance, respectively. The NF community maily comprised HNF in summer, which 
















and HNF in biomass are less than that of abundance. Distribution of NF in NSCS was 
affected by multiple environmental factors. Regardless grazer factor, concentration of 
nutrients was the main factor that affected PNF distribution, meanwhile food 
concentration had a major effect on HNF distribution. 
The in situ grazing experiments showed that the HNF ingestion rate on 
heterotrophic bacteria was approximately 20 to 30 times higher than that on 
Synechoccocus, and 100 times higher than that on picoeukaryotes, however, the 
clearance rates were similar for all of food items. 
HNF consumed 1.92 to 49.31% (mean 16.81%) of hterotrophic bacteria stock per 
day, 2.02 to 51.95% (mean 17.85%) of Synechoccocus stock per day, and 1.61 to 
75.86% (mean 20.31%) of picoeukaryotes stock per day. These results suggested that 
HNF had no feeding preference on three three food items, whose grazing rates was 
mainly affected by food stocks. By comparing the grazing role of HNF with different 
size, we foud that the flagellates in size 2-5 μm played a major role on grazing 
hterotrophic bacteria, only in summer 5-10 μm HNF grazed more. Grazing pressure 
on Synechoccocus by 2-5 μm HNF was also higher than that by other HNF. But >5 
μm HNF were the major grazers of picoeukaryotes rather than other HNF. 
PNF consumed 0.27 to 33.91% (mean 11.29%) of hterotrophic bacteria stock per 
day, 0 to 32.97% (mean 6.78%) of Synechoccocus stock per day, and 0 to 49.53% 
(mean 4.90%) of picoeukaryotes stock per day, respectively. The flagellates in size 
5-20 μm were the principal predators of hterotrophic bacteria, Synechoccocus and 
picoeukaryotes. PNF in different size displayed obvious difference of feeding capacity, 
especially when they grazing on picoeukaryotes. No ingestion of picoeukaryotes by 
PNF in 2-5 μm size was observed, while PNF in 10-20 μm size were the major 
grazers on picoeukaryotes. 
 
Key Words: nanoflagellate; distribution; grazing; the Northern South China Sea; size 



















缩略词 英文全称 中文全称 
NF Nanoflagellate 微型鞭毛虫 
AF Autotrophic flagellate 自养鞭毛虫 
HNF Heterotrophic nanoflagellate 异养微型鞭毛虫 
MNF Mixtrophic nanoflagellates 兼养微型鞭毛虫 
PNF Pigmented nanoflagellate 色素型微型鞭毛虫 
Chl a Chlorophyll a 叶绿素 a 
HB Heterotrophic bacteria 异养细菌 
Syn Synechoccocus 聚球藻 
Peuk Picoeukaryotes 微微型真核藻 
DCM Deep Chlorophyll a maximum 次表层叶绿素 a 极大值层 
GR Grazing rate 摄食率 
CR Clearance rate 清滤率 
DAPI 4',6'-diamidino-2-phenylindole hydrochloride 4,6-联脒-2-苯基吲哚 
FLA Fluorescent labeled agae 荧光标记藻类 
FLB Fluorescent labeled bacteria 荧光标记细菌 
FLC Fluorescent labeled cyanobacteria 荧光标记篮细菌 
MAA Maximum attainable abundance 可达到的最高密度 
MRA Mean realized abundance 现场平均密度 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
